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Dear D r .  Morgan: 

The following i s  our progress repor t  f o r  the  period July 1 t o  
September 30, 1963, 

1 

Since commencement of t h i s  research project,  eighty-three 48 I i hour t e s t  runs have been made and twenty-five of these 48 hour runs 
were conducted during the  last  quarter  (July through September). 
To da te  the re  have been no changes i n  t e s t  procedures other  than 
the  audi tory and v i sua l  changes i n  environment. 
l i n e  environmental conditions were medium i n t e n s i t y  white noise and 
medium i n t e n s i t y  white l i gh t .  Eighteen of the  o r b i t s  were under 
basel ine environmental conditions, the remaining seven o r b i t s  were 
under a l t e r ed  environmental conditions. Seven o r b i t s  were conducted 
i n  the  space couch, and eighteen i n  the space chair. 

'i As before, t he  base- 

A t o t a l  of twenty-five 48 hour tes t  runs were conducted, being 
d i s t r ibu ted  as follows among our t ra ined platoon of f i v e  Nemestrina 
monkeys: NA-3, 6 o rb i t s ;  NA-4, 6 o rb i t s ;  NA-5, 5 orb i t s ;  NA-6, 7 
orb i t s :  and NA-9, 1 orb i t .  The EEG recording from a l l  of these 
animals, except NA-3, were taken from supe r f i c i a l  e lectrodes located 
i n  the  temporal region of t h e i r  skulls. 

Five depth records were made during 4 o r b i t s  using NA-3. The 
usual 1 t o  2 cps s low wave a c t i v i t y  (usual ly  i n  burs t s )  could not be 
re la ted  t o  behavior by v i sua l  scanning. NA-8, following a t r a i n i n g  
o rb i t ,  became ill and died i n  a matter of twelve hours. The g r o s s  
autopsy report  revealed no cause of  death, and the  a n i m a l  was 
examined on several  occasions during the twelve hour illness, pre- 
ceding deatb, with no c l i n i c a l  explanation f o r  the  progressive 
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increase i n  resp i ra tory  d i s t r e s s  and weakness. The microscopic s l ide8  
of t he  various t i s sues ,  par t icu lar ly  the brain,  w i l l  be avai lable  dur-. 
i ng  the  next quarter,  

Further te lemetr ic  development f o r  %EG t ransmit t ing and recording 
w e r e  conducted on NA-7, and these r e s u l t s  a r e  set out i n  the  report  on 
telemetry. 
completed one orb i t .  
through t h e i r  i s o l a t i o n  period, and a r e  now beginning training. These 
animals should cons t i t u t e  the remainder of t he  animals necessary f o r  
our project.  

NA-9 completed i t s  t r a in ing  during t h i s  quarter  and has 
Five new Nemestrina monkeys have proceeded 

The t w o  chimpanzees i n  our colony have maintained good heal th  
with appropriate weight increase during t h i s  p a s t  quarter,  and the 
t r a in ing  of these animals has progressed t o  the  point of them beginning 
t o  accept the space chair. 
rapidly,  but NAC-2 ( K e n n y )  i s  requiring special  a t t en t ion  t o  h i s  habi t  
of b i t i n g  h i s  upper limbs when chaired. NAC-1 (Fletcher)  has commenced 
with the  presentation of the t e s t  pat terns ,  but a s  yet i s  not t o  t he  
point where h i s  response i s  other than tha t  of chance. 

N U - 1  (Fletcher)  i s  progressing the most 

Performance Data 

During t h i s  quarter  i t  became obvious tha t ,  probably due t o  con- 
tinued conditioning and learning processes, a number of the t e s t  
a n i m a l s  showed a continued high performance l eve l  throughout the  e n t i r e  
48 hour o r b i t  ( f igures  3, 4, and 5).  

We have graphed, during eighteen o r b i t s  under standard environment, 
the  response output ( t o t a l  response - r i g h t  o r  wrong), f i gu re  1; t o t a l  
response output and percent correct responses as a function of a l e r t i n g  
cue duration, f igure  2 and 5 ;  percent correct  responses using the  suc- 
cessive reversa ls  t e s t ,  f igure  3 ;  znd percent cor rec t  responses using 
the delayed response t e s t ,  f igure 4. Similarly the t o t a l  response output 
on s ingle  o r b i t s  (48 hours) have been graphed under changed environmental 
s t a t e s  (v isua l  and audi tory) ,  f igures  6 ,  7, and 80 

A s igni f icant  difference i n  performance a s  a function of a l e r t i n g  
cue duration, observed e a r l i e r ,  was not apparent i n  the o r b i t s  t h i s  
quarter ;  no doubt due t o  the continued high performance discussed above, 
f i gu res  2 and 5. Probably f o r  a s imilar  reason a decrement i n  perform- 
ance on delayed response and reversal  t e s t s  over time i n  the 48 hour 
o r b i t  has not been observed, f igures  3 and 4. It w a s  thus desired t o  
increase task  d i f f i c u l t y  and achieve a lower basel ine performance SO 

t h a t  f a c i l i t a t i o n  as well as  decremental e f f e c t s  could be observed i n  
the  special  environments. Therefore, i n  the present quarter ,  attempts 
have been made t o  increase t a s k  d i f f i c u l t y ,  and it i s  expected tha t  



D r .  Vinnie M. Morgan - 3- November 10, 1963 

t e s t i n g  procedures now being in i t i a t ed  w i l l  prove sat isfactory.  To 
t h i s  end, i n  the  reversa l  task,  frequency of reversals and stimulus 
s imi l a r i t y  have been varied, and i n  the  delayed response t a sk  the  
nature  of the  informational event and the  cues ava i lab le  during the  
delay have been varied. 

It was expected t h a t  sudden introduction of new environments 
would be su f f i c i en t ly  dis turbing t o  the  animals t ha t  performance i n  
those environments selected for early o r b i t s  of t h i s  phase of t he  
pro jec t  would be subject t o  fac tors ,  such as f ea r ,  not t o  be present 
i n  the  same magnitude i n  environments used l a t e r  i n  t h i s  phase. There- 
fore,  some tes t ing i n  spec ia l  environments h a s  been done while working 
on modifications of t e s t  procedures t o  acclimate the  animals t o  such 
spec ia l  environments, 

Signif icant  response decrement w a s  observed i n  two of the three  
spec ia l  environements used t h i s  quarter ,  f i gu res  6 ,  7, and 80 As 
only three  o r b i t s  have been made under such environments, i t  i s  too  
early t o  draw any conclusions. 

When procedures a r e  f inal ized,  testing w i l l  begin i n  t h i r t y  
environments which are the  possible combinations of six v i sua l  and f ive  
audi tory conditions. Eight monkeys w i l l  be used. some half  of which 
w i l l  be tested under each condition. 

The rout ine v i sua l  evaluation of the  records of  twenty-five 
o r b i t s  w a s  made and the  presence of t he t a  a c t i v i t y  i n  the  pre, during 
and post-performance periods i n  both those animals t ha t  performed well 
and i n  the  sessions i n  which t h e r e  w a s  poor performance were noted. 
It has  become increasingly evident t h a t  the  post performance E E G  da t a  
does not warrant computer evaluation a t  t h i s  t i m e  i n  view of t he  funds 
ava i lab le  f o r  t h i s  par t  of the  project.  Therefore, i n  August we d i s -  
continued placing t h i s  portion of  the  EEG on electromagnetic tape. 
Should we wish t o  review the  post performance portion of these recorda, 
they w i l l  be avai lable  on the  EEG paper records taken on a l l  orbi ts .  

The  major emphasis on EEG evaluation i n  t h i s  quarter  w a s  the  use 
of t he  IBM 1620 computer employing a system t h a t  required analogue 
recording on an F'M tape recorder with subsequent d i g i t i z a t i o n  of t h e  
analogue signal, and processing on the  computer by a program which w e  
had developed i n  our own laboratory (zero scanning). 
cumulatively sums the  amount of time t h a t  t he  4 t o  7 per second EEG 
a c t i v i t y  w a s  present during any portion of t he  record, and these sums 
are p lo t ted  f o r  each period during the  48 hour orb i t .  
one f igu re  (9)  t h a t  shows the  plot of an e n t i r e  record of t h e  48 hour 

This program 

'de a r e  enclosing 
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period. 
of t he  monkey. This f igure  shows two features:  
two hemispheres i s  emphasized and ( 2 )  t h i s  pa r t i cu la r  record subs tan t ia tes  
our impression t h a t  t h e t a  a c t i v i t y  i s  ac tua l ly  increased during the  
3 minute performance period. We used t h i s  procedure and  the  EEG record- 
ing of three  o ther  o rb i t s ,  but the information i s  not complete on these 
orb i t s .  In some cases w e  taped only every o ther  t es t  session, and i n  
o the r s  eqtlipment failure led  t o  lack of a complete record. W e  have 
three  o ther  complete o r b i t s  i n  the process of being evaluated by the  
computer, and these w i l l  be included i n  our  next quar te r ly  report. 

The EEG w a s  taken from both the  r i g h t  and l e f t  temporal regions 
(1) the  symmetry of t h e  

In addi t ion t o  the  above r e s u l t s  we have a l s o  plot ted the  deriva- 
t ive  of t he  the ta  a c t i v i t y  ( f igure 10) from t e s t  session t o  tes t  session, 
and t h e  graph of t h i s  der iva t ive  seems t o  be qu i t e  sens i t ive  t o  var ious 
f ea tu res  of the  behavioral study of  the a n i m a l .  The der ivat ive of the  
t h e t a  a c t i v i t y  i n  the  pre-performance period seems t o  be sens i t ive  t o  
the  sound-cueing of the animal tha t  appears just before the  t e s t  ob jec ts  
a r e  presented. The der ivat ive of the  the t a  a c t i v i t y  during the  per- 
formance period, on the  other  hand, seems sens i t ive  both t o  the  kind of 
t es t  t h e  animal is given, and a l s o  t o  h i s  success i n  performing the t e s t  
as i t  i s  presented, ( these a r e  depicted i n  f igu re  10). 
hand at  the  moment are insuf f ic ien t  t o  give any pos i t ive  conclusions. 
However, w e  are gathering more data and w i l l  subject t h i s  t o  s t a t i s t i c a l  
procedures t h a t  w i l l  give u s  some d e f i n i t e  ind ica t ion  as t o  the  r e l i -  
a b i l i t y  of t h i s  method of cor re la t ing  the  EEG and behavior. A t  t he  
present t i m e ,  w e  a r e  recording every other  o r b i t  on analogue tape and 
evaluat ing these records by means of the  computer. 

The resul ts  on 
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I. The r e s u l t s  of  some experiments which we conducted with 
the two channel packages re fer red  t o  i n  our progress report  
of April  17, 1963 are  reported. 

Reoeiver interact ion:  The arrangement of equipment for an ex- 
periment on rece iver  in te rac t ion  i s  as shown i n  f igu re  11. 
o s c i l l a t o r  (H.P. 204 B) with a t tenuator  pad delivered a 5 c/s signal, 
100 micro-volt, peak t o  peak i n t o  both preamplifiers. This signal 
w a s  amplified and transmitted a t  89.0 Mc/s and a l s o  a t  87.9 Mc/s. 
The receiver  t o  the  l e f t  (Heath AJ 31) was tuned t o  89.0 Mc/s and i t s  
output w a s  displayed on the fourth channel of a Model 5 Grass EEG 
recorder. 
Mc/s and i t s  output was displayed on the  s ix th  channel. 
peak amplitude of the  ink t races  thus obtained was measured i n  mm 
for 8 conditions as shown i n  t a b l e  1. Conclusion: Spurious rad ia t ion  
f rom the receiver  on the  r igh t  i n t e r f e r e s  with the  proper funct ion of 
the  receiver  on t h e  l e f t  i f  the two rece ivers  a re  located a s  c lose as 
6 inches apart. 
are more than 2 f e e t  apart. 

A n  

The receiver  t o  the r i g h t  (Heath A J - 3 1 )  w a s  tuned t o  87.9 
The peak t o  

Such in te rac t ion  i s  not noticeable i f  the  rece ivers  

Transmitter interact ions We a l s o  observed undesirable in t e rac t ion  
between t ransmi t te rs  when they were mounted adjacent t o  each other  i n  
the  two channel package; however, by loca t ing  them at  opposite ends of 
t he  package, - - 7 3  we have overcome t h i s  problem. - 2  

Dmamic ranae: The dynamic range of the transmitter-receiver 
system was determined wi th  an arrangement a s  i n  figure12. With the  
350-B a t tenuator  s e t  t o  0 db, the amplitude of a 5 c/s sinussoidal 
signal was adjusted s o  as t o  make d i s t o r t i o n  on the  recorder char t  just 
not noticeable. 
50, and 60 respectively,  each t i m e  increasing the recorder s e n s i t i v i t y  
by a corresponding amount. 
though some noise i s  noticeable. 
60 c/s w a s  comparable i n  amplitude t o  the  5 c/s signal. 
t h i s  dynamic range adequate. 

Fre uenc response: 
t o  ' 7 O w i s  mainly limited by the Sem-Jacobson pre-amplifier. 

Recordings were then made at db se t t i ngs  of 20, 40, 

A f a i r l y  clean signal was recorded a t  40 db 
A t  60 db the noise signal,  mostly 

We consider 

The frequency response i s  f la t  from 1 c/s 

Overall performaace: The overa l l  performance of the two channel 

A monkey 
telemetry system i s  i l l u s t r a t e d  by the  recording i n  f igureQwhich  
w a s  obtained with t h e  arrangement of equipment i n  figure12. 
with a platform mounted t o  i t s  skul l ,  with the in ten t ion  of accommo- 
da t ing  the  pre-amp-transmitter package, could not be used f o r  t h i s  
experiment as with t i m e  some bone around the  platform mounting screw8 
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dissolved, rendering it unsuitable. The experiment w a s ,  theref  ore, 
car r ied  out with a human volunteer. The th i rd  t r a c e  from the  top i s  
a d i r e c t  recording from the occ ip i t a l  area (01- 02), the  corresponding 
telemetered signal i s  shown d i r e c t l y  below tha t .  The f i f t h  t r ace  
from the  top i s  from cent ra l  electrodes (C - Ck) ,  i t s  corresponding 
telemetered signal i s  shown i n  the s ix th  d a c e .  This pa r t i cu la r  ex- 
periment l a s t ed  f o r  50 minutes during which no d r i f t  of receivers  
w a s  noticeable. 

The transmitter t o  receiver  dis tance vas approximately 8 fee t .  

I1 Artiface due t o  movementt 

An ex eriment w a s  carr ied out whereby an aluminum box with three 
r e s i s t o r s  P corresponding t o  the three electrodes from which we record 
b ra in  a c t i v i t y ) ,  and a connector s imilar  t o  the  one used on our monkeys 
vas connected up t o  the Model 6 E E G  recorder instead of a monkey, and 
the box was shaken t o  simulate head movement with the  recorder turned 
on. 
recorder char t  as no signal  i s  generated inside the box. However, 
a c t i v i t y  was present and i n  order t o  shed l i g h t  on i t s  cause we con- 
ducted a series of experiments. A d e f i n i t e  cause has not been found 
y e t ;  however, these experiments brought about a lead arrangement which 
cons t i t u t e s  a considerable improvement over the  one used previously, 
I n  prac t ice  the arrangement has proven t o  be sa t i s fac tory ,  notwith- 
standing t h e  f a c t  t h a t  the  amphenol miniature coaxial  cables used are 
heavier and l e s s  f l e x i b l e  than the  Grass EEG leads used previously. 

Idea l ly  there  should be no evidence of e l e c t r i c a l  a c t i v i t y  on the  

I11 Di f fe ren t i a l  preamplifiers: 

?Jith regard t o  the  Li t ton Systems, Inc. Bio-Amplifiers B-30A 
mentioned i n  our  report  of July 20, 1963, w e  have the following t o  
report .  The t r a n s i s t o r s  of these amplif iers  a r e  used i n  a-typical 
operating points. Vhereas typ ica l ly  the base current i s  negative; f o r  
instance,  we measured pos i t ive  values on a l l  t r ans i s to r s ,  We suspect 
t h a t  i n  the  design of these units t h i s  course w a s  followed i n  order t o  
keep the current  d ra in  t o  a bare minimum. Though i t  seems t h a t  tran- 
s i s t o r s  can be operated i n  t h i s  m a n n e r  (we measured gains from 400 to 
4000 depending on temperature), i t  makes treatment of the  c i r c u i t  fran 
a theo re t i ca l  point of view d i f f i c u l t  as the t r a n s i s t o r  manufacturers 
do not aupply c h a r a c t e r i s t i c s  f o r  non-typical operation. The qua l i ty  
of d i f f e r e n t i a l  amplif iers  depends on the  amount of unbalance of 
symetrically located components. 
i n  t h e i r  operating points,and t h e i r  cha rac t e r i s t i c s  and theo re t i ca l  
treatment such as given by R.D. Middlebrook Di f f e ren t i a l  Amplifiers 
(Wiley) are not applicable for the above mentioned reasons. 

The t r a n s i s t o r s  showed la rge  unbalances 

We w i l l ,  
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therefore,  abandon these amplifiers f o r  an approach whereby high 
qual i ty ,  c losely balanced components a re  used i n  a manner d ic ta ted  
by theo re t i ca l  considerations. 

Hoping you w i l l  f ind t h i s  progress report  adequate. 

Chairman - Department of 
Tieurology and Psychiatry 

LDP/B 
Enclosures 

PS: Apologies f o r  t he  delay i n  submitting t h i s  report ,  but I 
have been a t  A m e s  Research Center i n  regard t o  our NASA 
project.  
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TABLE 1 Receiver interaction 

Amplitude of 
ink traoe 

peak to peak 
i n  nun 

67.9 

Me/ s 

Pre- 

h P  

Gain 

Se tt in6 

Min 

Min 

Max 

Min 

2.0 

2.0 

2.0 

12.0 

15* 5 

15.5 

15.5 

I 

Distance 
be tween 
receivers 

6 inches 

2 feet 


